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You dan Teach PrajbTem ^Solving! 



^ .Teaching problerrv solving i? a problemi But like njaaj other prob- 
lems it can, be solved. And like other teaching sitiJations tfiere is no 
formyla ttat can be automatically appjied to guarantee sutcess in teach- 
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ing p\;'oblem solving. Butychere are some guidelines and hints which can 



go a long way in^^^'ng a teacher in problem-solving instruction. 

Before these guidelines and hints are explored a few general com 
ments might b^ helpful towj]ilatce^tr)e 'foct^^ of this article in, context.- 
'There are three r^ogni zed aspects of teaching mathematics in the school 
computational .pl^^:fi Sri ency, concept attainment, and fir^oblem solving.' 
(Some npthematics educators state that problem solving is the goal of 
" school mathematics I) Each aspect deserve^ appropriate emphasis and re- 
quire a different \ilistructional approach. The^instructional approach 
to^be*^ used depends on* tb^ goal s t^o be attained. In teaching problem 
solving the instijuctional goa| should be to help children learn pro- 
cedures for sol vingt problems. These procedures are easy to ^fate and 
recpgnfize bu/they are often quite elusive. when teaching*, it seems so 
much feasier to help children acquire a computation skill or to help them 
understand a concept^than to help them acquire skill wiith problem-solving 
procedures^ Among the reasons for the difficulty in teaching/learning 
problem-solving procedures is that there is- no specific content as in 
computational skil'ls or'in concept attainment. In problem sol vicig an 
individual ly . acquired set of processes is brought to bear on a situation 
which confronts, the individual. Helping the child acquire and apply . 
these, processes is\a more complicated and less well-defined task than 
to help a child learh\a\Con)putational skill or understand a concept. 

What are the procedures which, are inherent in problem solving? 
There are tour procedurjBS that are stated in various ways by a number 
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-Of authors. -They are: ^ : . . 

1 . on^rstaTnding' the problem » • ; 

2. Planning t5 solve the problem . , y 
.\ 3. Solving the problem * . 




■r' ' 4. Reviewing the^rbblem and the solution 

How can a^^t^her help children acquire and use the four procedures 
• In the discussion which follows, each of the four procedures w,ill be 
il lustrated using problems appropriate /or elementary schopl children. 
ThjBse illustrations will be accompanied by some guidel ines and "in- 
structional moves which' can be used to help chifdren in their problem 



solving. : Two^ different problems will be used^Jn^^^^^ The 

first is a typicaV textbook problem. The^^ec'6ncl problem carUDe caljed^ 
I "process". problem. ' , ' 

The basic purpose of .the typical textbook problem is to reinforce . 

children's understanding of a concept or to uise ',a' sk'ill learned earlier 

■ ' , '■ '■ . •■ ' . . " ' • J • ^ , ^ . • • . / • 

^ty presenting a "real-world" si tuatioh. whilch embodies that Concept or 



skill .1; tfting these typical textbook problems, to teach prpblem-rsolving 
pracedureS has the shortcoming that for many children the solution or 



at Ifiast the plan for solving it is sj9, apparent that no problem exists. 
HoWever,^ teacher. can emphasize the p»?ocedures* for the children. • 
' * ^; Examplie } ' ' 'I ^ 

A shopkeeper sold 485 bottles 0/ cola in one day. yThe cola is ' 
packaged irjjcartons holding 6 bottles. . How many cartons of cola were 

sold? ^. , ■ /■ ■ : /(^ ^, 

1. Understanding the prpblem 



n helping childrven understariy the problem a teacher might use . 



,questio\is which focus the child's attention on/the information or .con - 
ditions given in the problem. ' J ; 
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"John^ how. many bot>t;les were sold?". 
"Nina, ^how are the cola bottles packaged?" 
"Felix, 'how many bottles in a carton?" 
"What does a cartonMook like?" 



"Does. everyone always buy a full carton? Does that make any dif- 



ference in our problem?'^^ 



"If one carton were, sold, how many bottle|^ cola would be l^d?" 
Finally, a teacher might ask, 
"What does the problem ask for? Can you tell it /n your own wordjB?" ' 



Until a thorough discussion of the information an 

t 



itions takes place, 
this last question might make little sense, Ceftain^ly, advice such as. 



"ThinkI" and "Read the problem againl^" does not help the child vfithout' 
accompan'ying questions which focus on understcinding the problem,^ . ^ 

In the above sequence of questions the^teacher has^helped the chil- 
dren learn to help themselves understand a problem, /Teachers sijpuld ca]l 
upop children to' do the. questiori asking, and to formulate questions .for 

^ y ' •■ ^ ^ 

their cTffSsmates. This ^perience will h^p them grow in their ability 
to focus on important information. - t 

2. Plax)ning to solve the problem - ^ ^ 

In the discussion of this procedure a teac+ier s^hould be awiare of 
and look _for different strategies which might be used in solving the 
problem, wnitially, the teacher may have to suggest possible strategies 
for* the children. . After some Sx^ritsnce using various strategies children 
witl choo>se their own. ^Threughbut the planning-to-sol ve-the-problemt 
Step, the teacher shoi/Jd emphasize the type of strategy the chiTO has 



suggested. 
. "Kids 



, 'h^ 



might we plan to solve this?" 



1st student^^ "Well , W(5't?olJl^ 485 , bottle's or chips and put 



them 
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fnta groups of ■ ^ . | ? - ' 

"Good su^estion. In other\ords, we could actually conduct an 
experiment , " 

2nd Student: "It helps me to draw something like a carton so I* 
*can think about six bottles in each* " 



.\ "I like* that strategy. Making a drawing or a diagram is a good way 
to vi.sualize the problem." 



^ 3rd student: "Well it takes 6 bottle^ for one' carton , and so far 
10 cartoons -60 bottles' would be used. I would add 6Q's until I go\: to , 



485 or near it." ' . * " \ ^ 

"Good , thinking 1 Using patterns is^ an excellent way of solvi 



)d ,th^ 



profclems," You coulxi even put your numb^s in-^d a table ! " > 






Cartons 


10 


20" 


'3,0 


etc. 


♦ 




60^ 


120 


180 





4th student: 



"I would. divide 485 by 6 .t^ind the number of cartofis 



"Good. Sometimes direct computatioi) 4/&^a good strategy to try." 

/ One of the' shortcomihgs^ qff the standard textbook problems., (as was 
* " " ' ' ■ ■ ' ' • ' 

mentioned earlier) is that they are often designeckio provide computa- 

tional practice rather. than to teach problem soliing. This places an 

additional burden on^ the teacher to create a problem-solving situation 

'T)y ^ggesting or trying to pTicit other strategies. * ' - 

It was mentjoaed above thart such suggestions shoulcTcome from the 



students biit^initia 



lly the teacher must supply some of the strategies*. 



* Strategies may b? -grouped into general and helping.. A general stra- 
tegy may be thought of as* an overall plan designed to. solve the prob- 
lem; A helping4>tr|[tegy may be thoufht of as an intermediate step 
used to ca r,ry oifit tW gtfnenel ^strategy. Some general strategies are: 

** trial and error, organized listing,- simplification, searching for "a 
^ pattern, Nexperintentatji'on\ deduction, computation, worh'ng backwards. 

• Sj2mie hefping strategies are: diagrams, tables, graphs,/lists, equa- 
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AUo note that for some students tcH^plete understanding of /he pro t 
may come at this step rather than. in the first step. 
. 3. Solving the prdblem - 

In ttiis step the plan selected in step 2 is/carried outXjhe 
teacher should encourage the children to solve the problem usint the 
variety. of plans elicited earlier. The importance of this step is no^" 
how efficiently the problem can be solved. Rather this step shoujd ' 
be viewed as the step that carries out the plan. For some children 4e 
plan selected |vi 11 not lend itself to solution (e.g. , diagramming • n 
cartons of 6 until 485 bottles are drawnl). At this po.tnt.t^' problem 
so lye»^hould return to step 2 to devisee another"' pi an; - 

-The (teachisr'^s role in ^Vomoting this step should be advisory in 
that he/she should ask how^the solution proc'ess fits. t|ie selected plan. 
At. this point there are tempt^ions/which affl ict teachers. There is 
an impulse to overemphasize tlje "sdlving-the-problem" step, thereby 
min4*ii£^ng^He^ other steps.. therej|,is a strong tendency* to * 

so -press for computatio;ial accuracy that problem sol(ing^,is assSiated 



in the minds of children only with onerous computation. 

■ * ■ * ■■ ^ \ 

^'^ Reviewing the problem and .its. solution 




*ln developing problem-splving procedures in chiJdren'^there is no 
step more important than this'foorth step. There are^-two aspects of 
this step; one is looking back over the stepsotaken and^the^ther is 
extending the problem situation to create- variations- or -an entirely 
new problem. The NFormer aspect should"" never be omitted* in anyproblem- 
solving instruction. , * 

'Tel 1 us how 7QU thought about solving 'it." 

H ■ ' ' ^' • ■ • ' > ' ■ 

"Sriow iis at the board how you worked, it out." \ . ' ' 



"What strategy did ypu^use to get- your answer?" 
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"Does thi solution fit -the question in the problem?" 
"Does that answer mike sense to yoti?" - . . ^ 

A.l'i.of the above comments are asking 'the chjidren to introspect, y 
. to look at t+ieir own thinking and deScri'be i't. This activity is per- ' 
. haps the most imp^J^anit p^^t of>the. instri^ctit^n procedure. It benefits^ 
/the child^doii^g'-^e introspection and, tt benefits the other children: wtio 
•how someone eHe thinks -about the problem.. • - 
In extending ;the^^^ p^^ the teacher could -^k, • ^ . 

- V "Suppose the shoi^keeper puts 4 carfons intp. eaciv case. -How many ^ 

'. * ■ ' ' ■ ' ' *'.■.' . * 

^ cases would he. fiW?"'' ' . ^ , ' ; ^ 

- •' . '. , I ■ . .■ ■'■ /-^ ^ ' ^ . , ■ . . ^ ■ •• ■ • 

"What if tfier^ were 600 bottles; could we solve the pr^^Blem using 

the same^ strategies?" 



J 



"What profit ^did the '^shopke^eper make if he made' 4 cen^ (4.3;ce'n1?^I') 
on each bottle?" — . V - 

The typical, textbtook problem is not an i'deal vehicle for teaching 

• ■ ' ... * * ' . - ■ 

problem^solving procedures-^since most ojf-them by.design c^fn be solved 

^ . . ■ '■ ■ " , . ■ . ' i" ... • •/ 

by direct application of afi arithmetic .algeirlthm* (addit;ibnv division,^ 

perctent, averaging, etc. ). Further , .most of the t^plcstl textbook prob- . 

lemv^llow a section of sklll^or^n^eiDt ^development 4rj^ are related 

to that,*sk111 or some appl Ications just developed. Tn sucfr a situation 

It takes little "problem-solving" ability, to guess an appropriate . ^ 

strategyl On the other hitid it is .important to use every opportunity/ 

possible to teach problem-solving procedures,, even using the standard 



textbook problem. ^ " , \ ^ 

• ■ ^ ■ ^ . \, 

.There is. another problem type, 'a;"process" problem/ which is^ ^ 

so called/ because it lends it^ff to exemplifying' the prdcedur^ in- 
herent in problem solving. Process problems are found in ^eral 
textbcoks in t|iie*'corners of sbme^pages. While thes,e prg^tTlems are 
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presently often viewed as enrichmint or as recreational^, they, ar^ 
fast becbmi ng recogn ized as an important'vetricl e for teach in^prol)l em 

solvfhg, In* the near future they may become part of the mainstream* 

■« , ■ 

elementary mathematics curriculum. Not only can process problems be 
solved using a variety of strategies but they also require very little 
forn/al mathematics. . The second exampl^^ follows, is a^prpcess 

problem. . ^ 

■ ■•* J . 

. • ' „ . ^' Example 2 , - ' - 

. ' ' . <f 

"There are 8 people at a party. If eac^ person shakes hands^with 

the otherjp^ests, how many handshakes will there be?" 

' . ^ %. ' . 
1. Understanding the 43roblem 

As in the previous exarTlpler^a• teacher can help 'the children un3er 

stand the prjcdjem by selected questions. Again, the qh^'ldren should 

be en^cduraged ^0 ^a^k the questions -thewseTves. * . - 

/ "How many guests are at the party?" 

"If Jim -shakes hands with Carole', should Carole later shaKe . hands 

with Jim?" ^ . . ^ 

. ^ "if you were at the party, how many people would you is'hake hands 

■;with?'M / . , ■ ; : : . 

■ . ; ■.- ■ •:: ■ , ■ • ■ _ ^ ■■ ■ -. - •.. '- 

• v%^^*^^ who\ can give the problem fn his/her own words?"/ 

• *-•''>■'. . ^ ■ "■ . '- ^ 

gv- Mamnrng-to solve the problem 

■■ ■ ■ ■ • ' ^ ■ ■ • 

Qne of the features of the . "process", problem is that it lends 

,- • ' '■ ^ • > - " . ■ 

itself to many different strategies for solution. . The following at^^ 

some of\the strategies which children came up with in regular -fiqlirth- 

and fifth-grade classrooms. * . \ • 

■ 7 ^ '"• • ■ . - ■ . \ 

1st student: "Let's *act it out by using . 8 kids. Come on, let's . 



vgerfiV avcirc^eL^' (Experfjnent),;;. 



, 2nd Student: "I'm going to draw it out, by puttiV^ 8 dots in*a 

. ;c1f<?1;e and -usi ng •! i nes to -show;;hancl§hctkes . " (Diagrlm) - ' 

■ 3rd student:' 'll'migorlng to. 'give them , names and make a list of 

. . -v. ■ ■■ ^ ^ ■ 

the; people each shakes hands with." (Organized Listing) 

• ,. ^ 4th student: "I Vender i'f tji^ere is a pattern. Lfet's sefe, if there 
are 2 peopl^, theje is T handshakfirfX if there cire 3 people there are 2 
'handshakes.^. ." (Using tables to' ffnd a pattern) \ 



People 


2 


3 


4 

.- ^ 


5 


■- 

Handshakes , 


1 


'■■3 


' 6 















V 



5th student: , "Well i if each person shakes hands, with the others, 
then 5 people shake hands with 7 others, or there are 8x7 handshakes. 
But:. (Deduction) . ^ ^ * 

* \Th^ above five* responses, came from children after several problems 
4iad been solved together with their .teachei;. The^ teacher may--fbut not 



always) have to initVl^ supply some of, the strategies*. , He/she will 
have to .identify and label- .the "strategies of the chiVdreTi so they wilV 

learn ta* use ihe labels in x:ommunicating to cithers. \ 

' ■ ' » - ■ •• . ■ " ' 

3. Solvfh^ the problem , * \ . 

' The children usually, do riot have any difficulty solving the problem 

once a strategy has been 'Selected. Even .if i:he strategy is inappro- 

- .\ ., ^ ^ - ■■• , ' ' 

priate, the insight acquirefd by following the inappropriate strategy 

Ajsually helps thfe chiVd to select another strategy. • ^ . / ^• 

In the classroom"^ settling, solution'of the problems "brings.^ enough 

questions, from Other' childreii to forestall the apparent error in the 
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• 'f^fth child's deductive tHinj(iifg when' he/she didn't take-^into adaunt 
•;^that his/her |iiethod wou)l4|fhave eaiih person shaking" hands tv^ce wmH 
' everyone else. A demonstration by the 8 chilfiTren ia^a circle would ^ 

r ^ e Ijroblem and its solution . ' 
^ Chi Idreni^'ve solved the problenrr^;,the discussion ti^pe x 



. soon ^^^how'him/her the fallacyin this reasoning. 



4.- R'^. 



shoul 



ld,folfiis on^avi|^ tf^chfldren introspect 
• Teacher t(y>lst student: "''Yot/' and y^ur aroup D^ed^.an experiment 
Will you sTqw th^ class how you solved tRe: prablem?''- 

1st child: "Jean shakes hands with 7 people; 'Paul shakes handsi 



with 6; Mary shakes hands with 5; Phyllis with 4; Peter with 3; Leviii 



With 2 and Juan with 1 . 




/ 7 \ 

7 + 6 + 5 f 4 + 3 + 2 ^+ 1 = 28 handshakes." 
^ ' Teacner toMst student: . "Using an experiment is a goodSvay to 
solve'a problem sometimes. Did everyope follow the solution?" 
2nd student: "Key, that's the same as our drawing I 
There are 7 lines from A, 
6 from B; 5 from C, 4 from . 
D, 3 from E, 2 from F and ^ 

\\ from G/ We only drew lines ^-ftrom A and B but we could see the 
pattern. We get 28 handshakes, .also! " ' 



Teacher to 2nd student: - "A diagram is one of the mo§Jb helpful 
ways of displaying a problem and often it. leatds directly to a solution. 
Here you used the start of a diagram and noted a ^.pattern., I agree that 
a completed diagram would, have, VeeTi confusing with so. many lines. 

3rd student: "We come up with 28 handshakes, too - but we like 
our- method -best I " 
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10 



Jim 



''. shakes 
harids 



Jarfe 
John ' 
Joan 
Bob. 
^ Beth' 
'^Bill 



Jane 



J'ohn. 
Joan, 
Bob 



Bill 
'Barb 



John 



Jod 
Bob 

Beth ^ 



Beth\^Bill ^ 



Barb 



Joan 



Ob 
B>th 
Bill 
Barb 



Bob^. 



Beth 
Bill 
Barb , 



^Beth LBiTl 



Bi>l 
Barb 





Barb 



Barb 



^ 7 . 



+ P 



.4 '3' +^ ■ + ' = -^3 

Y" Teaclier to 3rd student: "Your solution , uses ^ar1^" organ1zed Mating 

■ \ * ' ' ■ ^ ^' y ^ ^ y - ' ■ • N/ ■ ■ 

'Strategy. Do yoti see that, here, every handshake is .listed* in an 

• ' .■■ ■ f . • ■■ • 

ordeMy fashion?^' - ' ' 

■ " . ■ ' V " ■ - . 

' « ' ■ ' » ■ ■ ■ ■ / ' ' 

4th student: ^'I think we have' dis^covered something. When we used 
a table to fltid a pattern >we di'scovered that we, c6uld tell the number of ^ 
handshakes for other liarties, tool You see, with each new pjerson the 
number of handshakes is increased by a number 1 less than the new number 
of people. That makes sense because jf a new guest came and he ?/as the - 

7th person he would have to shake hands with the other 6V'' , , % 

s.-- ■ . . ■■ ■ ,:■ :^ ^ 



People. 



• 2 



5. 6 



Haiir^tiakes 



3 6 10 15 28 36 



"vKew Handshakes 2 -3 4 J 6 7, 8 

Teacher to 4th student: . "That's/nice, Car> anyone in class tell me ' 
how many handshakes there "teuld ^e for 10. people?-»^ .for ZO people?. , .Can 



we find ja gen'^ral rftil^ for any number of people?'' 



Sth'stO^nt:^^ wrong' with my reasoning? L.get-56 handshakes J 

Since each person must shake. hands with 7 others, there must be. 8 x 7 • 
handS||)akesI 'V ' . - ^ ^ 



TeacJher: "Who can- te.ll' what might be incorrect about that/jeasoaing? 
It sounds good ta me.//- . V • 
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V. ,4...And SQ the di serfs si on continues, .^t some poiri;tHin the problem- 
.sol vfng, instruction thfe teacher ^should present a list of strategies. 
%uch a li^st serves several, purposes including helping chndjcjBh consider 
ffr^a/lety of attacksNpn the problem. • . . '^-^ :^ ^ 

• ' • ^ ' ' " , 

The t.eacher, shoulCf eTxtend the -pro^'blem by asking children questions 
4 ~ ' ^ ' / 

similar to "^jpse Which foljo By provi(mg^^^ of the prob-^ 

lem^ r ct Idren tp v»ork • » o^' a.t home, chi'idrerl^have a 

chance to use their own strategies, or those of another or to* find a' ' 

'generalized solution.. ^ * - . / ^- 

" . V ' \ • ^' ■■ /■■ - , . . . " ■ ■ - ' ^ . ^ 

, "How' many halidshakeCwould' there be in your . f ami l.y?"' . 

'\ "How many handfliake^ would there be in our clas^sfoom?" 

^ ' ' I ' » » . ' . 

"How many handshakes would there be if all tj^ boys shook hands 

Just witfi all t'he girls?" ' r 

• . ' . • • . • ' ■ I ; . 

In choosing^' process problems for problem-solving instruction, care. 
shpuVd be taken to choose tho^ probl^n^ whith .lend themselves to *^ 
sblution using a variety* of strategies, require little formal mathe- 
rfiatics j.vand are interesting tb the children. Process problems have 
an appeal to children; they enjoy solving them^. At. the same time it is 
important to use the standan^'textbook problem-to teach probTem-rSol ving 
procedures. vTfn other werd/, don't miss ahy opportunity, especially 
those which arise from classroom, school or community ^nts. Although 
this article has not specifically addres'setl the issue of the role of 
the^ffect in problem solving, attention to this aspect is +mportant. 



Helping children become ffiotivate^^:^^^ to solve pr>qb"Tems 

an important prerequisite a teacher must consider. 



' Among the speciiMc techniques that have been successful ly^sid by\ 
classroom teachers >n teaching problem^solving is the bulletin board - 
the "Problem of the Week". Using this technique, a 'new ^problem is 



--^eBlanc ^ ^ / ' " > ^ • > : ' .12 

pTac^d on the bulletin board- once a weekV A discussion follows, as / 
^ , prteviousiy described, emphasizing 'step^ or "unaerstarjding the pf'objem". 
the children work o\ the*'-probl,e[n urit^fl a preassigned da^^ Often the 
children involve their .parents or friends outside sch'bol lookfng for 
. >^trategie§^ that mic^ht be different or/unique.' At th^rpreassi^nedl 
,^'•'56, 'discussions as ^escr^fbeJTi^' the axamples are held. , This, arerivity 
^ Ifbget herewith sn. emphasis ^on probTem-solving procedures' )(Vhen^usii\g the 
• standa^ textbook .'problems can provide the basis for a sound curriculum 
- in pml^eji solving., .^.^^ ^ • " ^ ' ■ . 

. Teaching pro'blem Solving may be a problem^ But tac^kUflig the chal- . 

.. ^ ' • ■ . ' • ./ • ■ ^ ^ . 

lenge of this important facetvpf elementary: s,chool matheMticS/ can/t)^. 

■ . ■ ' '>■' . ' ' ■ .'. ^ ^/ ' 

enjoyable and rewarding. The strongest rnbtivation for successful 

probrem solving is success - seeing and hearing children, eagerly cjttack 

, and sol ve* problems. There i| 1 ittle^question that , children enjoy this ,^ 

activity. Try it. You 'fv all Ilk/ it! ^ / ^ j 



